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Abstract 

A facile green process was developed for the synthesis of AgNPs - rGO composite by using Citrullus colocynthis leaf extract as a 

reducing and stabilizing agent. The morphology and microstructure of the magnetic nanocomposite was examined by FTIR, 

XRD, UV-VISIBLE and SEM. Here, the green synthesized nanocomposite display remarkable effective removal of Methylene 

Blue (MB) from aqueous solution, showing a maximum adsorption capacity reached up to 146.43 mg g-1 within only 30 mints at 

room temperature. The kinetics, isotherms and thermodynamics of the adsorption of MB have been studied at various 

experimental conditions (initial dye concentration of MB, adsorbent dosage, contact time and temperature). Adsorption kinetics 

and the equilibrium adsorption isotherm were found to follow a pseudo-second order kinetic model and Langmuir isotherm, 

respectively. The thermodynamic parameters indicated that the adsorption was spontaneous, favorable, and endothermic in nature. 

Moreover, AgNPs - rGO was very stable and can be readily reuse by washing with water. Therefore we believed that the prepared 

nanocomposite as a very good green adsorbent for eliminating MB from aqueous solution. 
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1.INTRODUCTION 

 Nowadays, metal nanoparticles are gaining great interest in treatment of pollutants contaminated waste water. 

Particularly, Silver nanoparticles (AgNPs) have many promising applications in nanotechnology because of their good electrical 

conductivity, chemical stability, catalytic and antibacterial properties.[1] These properties depend mainly on their size, shape, 

composition, structure and morphologies[2]. biosensors[3], catalysts [4], and environment remediation [5]. Due to large specific 

surface area, high surface reactivity [6], high affinity [7] and low cost, AgNPs are promising adsorbent for environmental 

applications. It can be synthesized by various  methods such as, vacuum sputtering [8], decomposition in organic solvents [9] and 

chemical reduction with sodium borohydride(NaBH4)[10]. Generally, AgNPs produced by chemical reduction of Silver with 

NaBH4 as a reducing agent is a routine synthesis reported so far. Stabilizers such as chitosan [11], activated carbon [12] and 

carboxymethyl cellulose [13] are commonly added in these reduction methods to synthesize stable, small size AgNPs. Among, 

these syntheses are generally expensive and require special equipment, high energy and involve chemical substances that are 

toxic, costly, corrosive and flammable, and non eco-friendly [14].To conquer this problem, nowadays a simple, cost effective and 

environmentally friendly new green reduction method being preferred. Compare to the other biological systems the plant 

materials make attractive platform for bioreduction due to low cost cultivation, short production time, safety and the ability to 

large scale production of AgNPs. Moreover, homogeneous AgNPs is undesirable for industrial and environmental application 

because of their number of drawbacks such as easy oxidation, rapid agglomeration, difficult in solid/liquid separation and 

adsorbent recycling become major challenges. In order to overcome these challenges, metal nanoparticles(MNPs) are generally 

anchored on sand [15], zeolite [16], clay[17] and carbon[18]. Considering safety and efficiency, Carbon-based nanomaterials 

including activated carbon[19], graphene [20] and carbon nanotubes [21] have widely been used as supporters for MNPs. One of 

the major advantages of carbon-based nanoparticles as attractive adsorbents is that they have much larger specific surface areas 

which improve the dispersibility of MNPs than many other materials. Recent developments in the use of graphene oxide (GO) 

showed immense promise in its application for separation and detection of trace levels of organic and inorganic analytes [22]. 

Generally, Graphene supported AgNPs are emerging adsorption materials because of its sheet structure, associated band structure 

[23], high specific surface area, extended conjugation of pi-electron [24], dispensability in water  and low cost [25]. Therefore, it 
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is reasonable to believe that graphene-based NPs composites can be used as promising adsorbent for practical applications in 

environmental toxic pollutants to benign form.  

 Synthetic dyes used in a wide range of industries such as textile, leather, paper, printing, and other industries are often 

intended to be able to resist the breakdown of long-term exposure to sunlight, water and other conditions, which makes the 

treatment of the dye wastewater more difficult [26]. Particularly, Methylene Blue (MB) was well-known cationic dyes, which 

have been widely used in textile, printing, and research laboratories. MB was widely investigated toxic pollutants in industrial 

wastewater and could cause a wide range of health problems. On inhalation of MB, can give rise to short periods of rapid or tricky 

breathing, while ingestion through the mouth produces a burning sensation and may cause nausea, vomiting, diarrhea, and 

gastritis. A large amount creates abdominal and chest pain, severe headache, profuse sweating, mental confusion, painful 

micturation, and methemoglobinemia-like syndromes [27]. Drinking water containing these pollutants could cause serious 

disorders, such as cancer and mental retardation [28]. Efficient decolorization treatment of dyes has therefore received great 

attention. Among many chemical, physical, and biological treatment of pollutant removal such as,  degradation [29], separation 

[30], electrochemical treatment [31], coagulation [32], filtration [33], flotation [34], softening, ion exchange [35], catalytic 

reduction [36] and chemical oxidation [37]. Among all these methods technical and economical feasibility problem. On the other 

hand adsorption is one of the most effective methods for MB removal because of its low cost, high efficiency, simplicity and 

insensitivity to toxic substances [38].  

 In this present work a green synthesized AgNPs-rGO composites by Citrullus colocynthis leaf extract as both reducing 

and capping agent. The obtained material was characterized by UV, FT-IR, XRD and SEM analysis. The decolorization 

efficiency of green synthesized AgNPs-rGO composites is examined by using MB dye. To the best of our knowledge, this is the 

first study that reports on green synthesized AgNPs-rGO composites for scavenger of wastewater pollutants. The formation and 

adsorption mechanism of AgNPs-rGO are investigated and discussed. The effects of contact time, initial dye concentrations, 

temperature and adsorbent mass on the adsorption process were also discussed. 

 

2. MATERIALS AND METHODS 

2.1. Materials 

 Natural graphite powder, Methylene blue (MB) [C16H18N3OS, MW: 333.6 g mol−1, λmax: 630 nm], sulfuric acid (H2SO4, 

98%), hydrochloric acid (HCl, 37%), hydrogen peroxide (H2O2), sodium nitrate (NaNO3), potassium permanganate, (KMnO4), 

Silver Nitrate(AgNO3), were purchased from Sigma-Aldrich, India. Citrullus colocynthis leaf was collected from local area in 

Madurai, Tamil Nadu. All aqueous solutions used in this work were prepared by deionized water. All chemicals are analytical 

purity and were used without any further purification.  
2.2. Synthesis of GO 

  Graphene oxide (GO) was synthesized from natural graphite powder by a modified Hummers method [39]. Briefly, 1g of 

graphite powder was added to the mixture of 0.5g of NaNO3 and 25 mL H2SO4 into a 250 mL beaker following by 30 min stirring 

at 00C. Subsequently, 6 g of KMnO4was added slowly to the suspension with stirring. After stirring for 2 h, the temperature of the 

mixture was heated to 350C ± 50C for 30 min. 90 mL of water was slowly added and then the solution was further heated to 90 0C 

under vigorous stirring for 15 min. Then, 60 mL of H2O2 aqueous solution was added to the suspension until its color was 

changed from drab to brilliant yellow to reduce the residual MnO2. The yellow graphite oxides were washed by diluted HCl (5%) 

and DI water three times to eliminate SO4
2− and H+ respectively. Finally, the resulting solid was dried in a vacuum oven at 50 0C 

for 24 h to get GO. 

 

2.3. Preparation of aqueous Citrullus colocynthis leaf extracts (CCLE) 

 Locally collected fresh Citrullus Colocynthis leaves were cleaned. The aqueous extract was prepared by the addition of 

20g of leaves with 100 ml distilled water at 800C for 5min. Further the extract was filtered and the filtrate was stored (100C) for 

further use.  

2.4. Synthesis AgNPs-rGO composite 

AgNPs-rGO composites were synthesized by green method. The synthesis methods of AgNPs-rGO composite were 

carried out as follows: AgNO3 (in 50ml) solution was mixed into the GO aqueous solution (10ml, 0.1mg/1ml). The mixture was 

magnetically stirred for 10 mints to form homogeneous solution. Then, 60ml of freshly prepared aqueous CCLE was added drop 

wise into the above solution followed by further stirring for 30 min at 600C. The resulting suspension was centrifuged for 10 min 

and washed with water for several times to get free of excess chemicals. Finally the residue was dried at 500C to yield AgNPs-

rGO composites. Similar procedures were used to synthesize of AgNPs was also carried out without GO using the same 

experimental conditions. 

 

2.5. Preparation of Stock Solution  

 The MB stock solution of 500 ppm concentration was prepared by dissolving an accurately weighted amount of MB in 

DI water. The desired concentrations of the solution were obtained by diluting the stock of MB solution in exact proportions to 

obtain different initial concentrations. 
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2.6. Adsorption Experiments 

 Adsorption of MB onto the AgNPs-rGO composite was investigated by a batch method. Batch adsorption experiments 

have been performed by mixing 50mL of a dye solution (250 ppm to 500 ppm of concentration) with 5 mg to 30 mg of the 

AgNPs-rGO composite in 250 ml iodine flask at stirring rate 120 rpm. Sample flasks were shaken on a shaker and operated at a 

constant temperature of 350C and 120 rpm for 1 h. Finally, 5mL of sample was continuously taken for adsorption analysis at 

appropriate time intervals (0, 6, 12, 18, 24, 30 and 60 min) and the adsorbed amount of dyes was calculated by Beer’s law.  Then, 

dye solutions were separated from the mixture by centrifuge (12000 rpm for 20 min) and analyzed by UV−vis spectroscopy. 

Concentration of the dye solution was determined colorimeterically by measuring at maximum absorbance of the MB dye (λmax = 

663 nm). Preliminary experiments indicated that the adsorption of MB reached equilibrium in 30 mints. Thus, the contact time of 

1h was selected in the batch experiments. The adsorption capacity of AgNPs-rGO composite was determined by using the 

following equation 

qe = (Co − Ce)V/m      (1) 

 Where Co is the initial concentration of MB (ppm), Ce is the concentration of MB at equlibirium (ppm), V is the total 

volume of the suspension (L), and m is the mass of adsorbent (g). 

 Kinetic studies were performed at a constant temperature of 35 °C and 120 rpm with 500 ppm of initial concentration of 

dye solutions at a predetermined time interval ranged from 0 to 60 min. The amount of adsorbed dye on adsorbents (qt, mg/g) was 

calculated as follows  

qt = (Co – Ct)V/m       (2) 

 Where Co is the initial concentration of MB (ppm), Ct is the concentration of MB at time t (ppm), V is the total volume 

of the suspension (L), and m is the mass of adsorbent (g). 

 The thermodynamic studies of MB onto the AgNPs-rGO composite was carried at four different temperatures namely 

25, 35 and 40 0C in aqueous medium.  

 

2.7. Adsorption isotherm. 

 In a typical batch adsorption isotherm experiments were carried out at 30 mg of AgNPs-rGO composite was mixed with 

50 mL of solution of different initial concentrations at room temperature, with no other additives present, and stirred for 1h to 

ensure adsorption equilibrium.  

 

2.8. Characterization.  

 . The samples were applied to 300 mesh copper grids with lacey supported film. The crystallographic structure of the 

materials was studied by a powder X-ray diffraction (XRD) (Panalytical X' per PRO X-ray diffractometer) equipped with Cu Kα 

radiation (λ = 0.15406 nm). UV−vis detection was carried out on a UV-1800 SHIMADZU spectrophotometer. Fourier transform 

infrared (FTIR) spectra were recorded by a Shimadzu model FT-IR spectrometer. The structural morphology of the AgNPs-rGO 

composite was studied by SEM imaging. 

 

 3. RESULTS AND DISCUSSION 

FT-IR Spectroscopy 

The functional groups present in the GO and AgNPs-rGO represented by FT-IR Spectroscopy. 

    

fig.5.2. ft-ir spectra of (a) GO and ( b) AgNPs-rGO 
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 The absorption peak at 1620 cm-1 can be ascribed to the skeletal vibrations of unoxidized graphitic domains (C=C) or 

contribution from the stretching deformation vibration of intercalated water[23,24]. In addition, the C-OH stretching peak at 1220 

cm-1 and C=O stretching peak attributed to epoxy or alkoxy at 1060 cm-1 can also be observed. After adding leaf extract, during 

preparation of AgNPs-rGO composite, the C=O vibration band disappears, and the broad O-H and the C=O stretching bands 

remain. As the adsorption bands of oxygen functionalities disappear (C=O groups are considerably decreased) and only the peak 

at 1620 cm-1 remains, it demonstrates that rGO is achieved by addition of leaf extract during the preparation of AgNPs-rGO 

composite.. 

XRD 

 The XRD patterns as shown in (Fig.2.a) were performed to analyze the crystalline structure. Comparison of the 

micrograph shows that before and after adsorption of metal ion on the surface of the material. The XRD data provided evidence of 

decrease in the peak intensity of 2θ values which shows that adsorption of metal ions on the surface of the adsorbent (Fig.2.b) 

indicate that decrease in the peak intensity values after adsorption of MB on the surface of the material. 
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fig.2: a and b xrd pattern of AgNPs-rGO before adsorption and after adsorption 

  

ADSORPTION ISOTHERM 

                                                                        
 To investigate the nature of interaction of AgNPs-rGO composite, rGO and AgNPs with MB dye molecule, adsorption 

isotherms experiments at different experimental conditions were carried out. The adsorption characteristics at equilibrium were 

analyzed by using Langmuir [42] and Freundlich [43] models and presented in Fig.3 & 4. Based on the adsorption data of the 

specimens shown in Table 1, the correlation coefficients of the isotherms are relatively high (0.997 for AgNPs-rGO composite, 

0.990 for rGO and 0.983 for AgNPs) which shows that the Langmuir isotherm model is better fit for describing the adsorption 

equilibrium of MB onto AgNPs-rGO composite, rGO and AgNPs with than Freundlich isotherm model. From that, the monolayer 

adsorption on structurally and energetically homogeneous active sites and predicts the monolayer coverage at the outer surface of 

the adsorbent [42].  
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fig.3. freundlich adsorption isotherm for the adsorption of MB by a) rGO b) AgNPs c) AgNPs-rGO 
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fig.4. langmuirs adsorption isotherm for the adsorption of MB by a) rGO b) AgNPs c) AgNPs-rGO  

The RL value indicates the shape of the isotherm to be either unfavorable (RL> 1), linear (RL= 1), favorable (0<RL<1), or 

irreversible (RL= 0). In the present investigation the RL was found to be 0.0223, 0.0609 and 0.183 for AgNPs-rGO composite, 

rGO and AgNPs respectively indicating that the adsorption of MB is favorable.  

 

table.1. adsorption isotherm parameters for the adsorption of MB 

                                      Langmuir Freundlich 

Adsorbent     KL 

(1/mg) 

qm 

(mg/g) 

RL R2 KF 1/n R2 

AgNPs-

rGO  

0.163 877.19 0.007 0.991 192.75 0.225 0.995 

AgNPs 0.031 500.00 0.0609 0.997 49.091 0.156 0.989 

rGO 0.023 333.33 0.116 0.982 26.853 0.008 0.981 

 

Adsorption Kinetics 

 The adsorption Kinetics models were applied to investigate the adsorption rate and detailed mechanism of adsorption 

process. In general, the adsorption rate is considered as one of the most important factors for choosing an ideal adsorbent [44].To 

study the adsorption mechanism well, pseudo first-order and pseudo second-order equations were used to applied. The Lagergren 

pseudo first-order kinetic model is expressed as [45] 

                                                         log (qe-qt) = log qe-k1t/2.303      (3) 

Ho and McKay pseudo-second order kinetic model is expressed as [46] 

                                                         t/qt = 1/k2 qe
2+ t/qe       (4) 

 where, qe and qt are the adsorption capacity of MB onto the synthesized material at equilibrium and at time t, 

respectively. k1 (min−1) and k2 (g/mg.min) also represent the rate constant of pseudo-first-order and pseudo-second-order kinetic 

models, respectively. The estimation of two models was performed by plotting the values of log (qe-qt) Vs t for pseudo-first-order 

model (fig. 6.), t/qt Vs t (fig. 5.) for pseudo-second-order model.  
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fig.5. pseudo second order kinetics plot for the adsorption of MB by a) rGO b) AgNPs c) AgNPs-rGO 

 

 

 

                                        

 

 

 

 

 

 

 

 

 

 

 

fig.6. pseudo first order kinetics plot for the adsorption of MB by a) rGO b) AgNPs c) AgNPs-rGO 

The rate constants and qe were obtained from the slopes and intercept of corresponding plots. All the corresponding kinetics 

parameters are listed in Table 2. According to our results the adsorption of dyes are best evaluated by pseudo-second-order kinetic 

model due to high correlation coefficient. 
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Table.2. Adsorption Kinetic Parameters for the adsorption of MB 

Adsorbent qe exp 

(mg/g) 

Pseudo-first order model Pseudo-first order model Weber-Morris model 

  k 1 

(min-1) 

qe cal 

(mg/g) 

R2 k 2 

(min-1) 

qe cal 

(mg/g) 

R2 Ki (g 

mg-1 

min-0.5) 

C 

(mg/g) 

R2 

AgNPs-

rGO 

860.4 

 

0.0806 257.632 0.87 0.001 1000.00 0.999 29.22 666.2 0.863 

AgNPs 410.7 0.069 171.396 0.956 0.00057 500.00 0.997 22.31 263.1 0.876 

rGO 240.6 0.076 231.3 0.937 0.00025 333.33 0.979 28.31 52.84 0.861 

 

 In addition, the calculated qe values for pseudo-second-order kinetic model were best compliance with experimental qe values 

thus also indicates that the overall rate of dyes adsorption processes follows pseudo second-order reaction mechanism. Since 

adsorption mechanism depends on the adsorbate and the adsorbent. Finally, the limiting rate in the adsorption of MB is a 

chemisorption mechanism through electrostatic attraction between active sites of adsorbent and dye molecules [47].  

Intra particle diffusion model 

 It is vital to identify the steps involved during a solid liquid adsorption process. The adsorption process in porous solids 

could be described by three steps:(1) external mass transport of adsorbate from the bulk solution across the liquid film to the 

exterior surface of adsorbent (film diffusion or boundary layer diffusion or outer diffusion); (2) transport of adsorbate from the 

exterior surface of adsorbent to the pores or capillaries of the adsorbent internal structure, (intraparticle diffusion or inner 

diffusion);(3) the adsorption of adsorbed onto the active sites of adsorbent in inner and outer surfaces. Generally, the rate of 

adsorption is controlled by boundary layer diffusion or intraparticle diffusion or both. To find out the actual rate controlling step 

involved in the MB adsorption process, we applied the Weber−Morris equation. Plots of q t Vs t1/2 are shown in Fig.7 , and the 

corresponding kinetic parameters are listed in Table 2. The intra-particle diffusion constant and the boundary layer thickness were 

calculated using the linear equation [48]. 

                                           qt    =  kid t1/2 + C      (5) 

 where qt is the amount of dye adsorbed onto the adsorbent at time t (mg/g), C is the boundary layer thickness, and kid is 

the intra-particle diffusion rate constant(mg /gmin1/2) 
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fig.7.webber - morris plot for intraparticle diffusion a) rGO b) AgNPs c) AgNPs-rGO 

 It was also examined that the plots are not linear over the whole time range which means that the intraparticle diffusion 

is not the rate determining step the overall adsorption process may be jointly controlled by external mass transfer and intraparticle 

diffusion, and intraparticle diffusion played a predominant role in controlling the adsorption mechanism of the model dye onto 

[49]. The divergence of the plot from the linearity suggesting that the rate-limiting step must be controlled boundary layer 

diffusion because of the large intercepts of linear portion of the plots. The larger intercept the greater is the boundary layer effect 

and this means that the adsorption is more boundary layer controlled [50]. As can be observed from the Fig.7 the regression of qt 

versus t1/2 have multi-linear portions which indicates that the three stages control the adsorption process. The instantaneous 

adsorption was occurred in the initial linear portion resulting from the diffusion of dye through the solution to the external surface 

of adsorbent. The gradual adsorption stage was occurred in second linear portion, corresponding to intraparticle diffusion of dye 

molecules through the pores of adsorbent. The equilibrium adsorption was occurred in the third stage where the intraparticle 

diffusion starts to slow down due to the extremely low adsorbate left in aqueous solution and the decrease of adsorption sites [51] 

Adsorption thermodynamics 

To get the information about the inherent energy change of adsorbent after adsorption and the mechanism of the 

adsorption process adsorption thermodynamics can be used. The thermodynamic parameters namely, the free energy change (ΔG° 

kJ/mol), enthalpy change (ΔH°, kJ/mol), and entropy change (ΔS°, kJ/mol K) of the adsorption of MB onto the rGO, and AgNPs, 

AgNPs-rGO were determined by using the following equations [44]. 

Kd = qe/Ce        (6) 

ΔGo = −RT ln Kd       (7) 

ln Kd = ΔSo /R − ΔHo /RT     (8) 

 Where Kd is the distribution coefficient, T is the temperature (K), and R is the gas constant (8.314 J/mol K), respectively. 

ΔH° and ΔS° are obtained from the slope and intercept of van’t Hoff plots of lnKd versus T−1 (fig.8). 
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fig.8. van’t koff plot of MB on rGO, AgNPs and AgNPS-rGO for calculation of thermodynamic parameters 

 The calculated ΔGo, ΔHo and ΔS° of the MB on rGO, AgNPs and AgNPs-rGO are given in Table.3. The negative values of ΔG° 

at difAgrent temperature indicate that spontaneous nature of MB adsorption on rGO, AgNPs and AgNPs-rGO.  Generally the 

value of ΔG° for physisorption (−20 to 0 kJ/mol ) is lesser than that of chemisorption (−80 to −400 kJ/mol) [52]. Therefore, the 

ΔG° results suggest that physisorption might dominate the adsorption of MB onto all the three system. It is also observed that the 

ΔG° value increases with increasing temperature of the adsorption system which indicates the more adsorption of the MB dye 

molecule onto the rGO, AgNPs and AgNPs-rGO surfaces. The positive values of ΔH°(22.0 for AgNPs-rGO, 20.1 for AgNPs and 

19.36 for rGO) further confirm that the adsorption processes are endothermic in nature. The adsorption process is governed by 

physical adsorption process if the ΔH° is within the range of (1 to 93) kJ·mol−1 [53].  

table. 3. thermodynamic parameters for the adsorption of MB 

Adsorbent                  ∆Go(kJ/mol) ∆Ho(kJ/mol) ∆So(J/mol.K) 

                      Temperature(K)   298   308   318   

rGO  -8.02 -9.06 -10.00      19.36     100.68 

AgNPs  -4.59 -5.15 -6.04     20.10     92.62 

AgNPs-rGO   -1.93 -2.66 -3.67     22.007     71.42 

 

The ΔH° values for all the three systems are positive in the temperature range (298 to 318K) indicates the endothermic nature of 

adsorption [54]. Adsorption in the liquid phase is a complex phenomenon in which solute adsorbate and solvent compete for the 

solid adsorbent surface[53]. In the present system, the MB and water molecules compete for solid rGO, AgNPs and AgNPs-rGO 

and also the energetic changes involved in this process resulting positive ΔH°. The positive value of ΔS° indicates good affinity 

of MB dye toward the system and an increase in randomness at the solid−solution interface during the adsorption of MB on the 

active sites of rGO, AgNPs and AgNPs-rGO [54]. 

 

Adsorption mechanism 

 Nowadays, AgNPs have great attention in the degradation of contaminants due to strong reductive and attractive 

property. It is expected that the existence of rGO in the nanocomposite could improve the tendency of composite to remove the 

dye molecules. In this work, we use AgNPs-rGO composite to remove the MB molecules from aqueous solution and the removal 

efficiency was examined by UV spectroscopy (Fig.9.) The MB consists of base peak at 663 nm which was gradually decreased 

after every 6 mints when interact with the nanocomposite. Decolorizing efficiency of rGO and bare AgNPs was also investigated. 

In bare AgNPs, no sudden decolorizing effect was observed. Meanwhile, rGO does not show complete decolorisation. When the 
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interaction time is increased to 30 mints, decolorization process was completed only in AgNPs-rGO composite which is also 

confirmed by the color change of the MB dye (fig. 10.). For the adsorption of MB the π−π interaction and electrostatic interaction 

act as driving forces. MB has rich aromatic rings and cationic atoms. The electrostatic attraction is due to the positively charged 

functional group of the dye molecule and the negatively charged oxygen containing surface of the rGO. Similarly the enhanced 

π−π interaction is due to the localized π electrons in the conjugated aromatic rings of the both dye and adsorbent molecules.  

  

 

 

 

 

 

 

 

 

 

 

 

 

fig.9. uv- vis spectrum of adsorption of MB by using a) rGO b) AgNPs c) AgNPs- rGO 

 

 

 

 

 

 

 

fig.10. photographic images of adsorption of MB by AgNPs- rGO at a) 0 mints b) 6 mints c) 12 mints d) 18 mints e) 24 

mints f) 30 mints 
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The reaction between AgNPs and H2O or H+ can produce atom H, which stimulate the destroying the chromophore 

group and conjugated system of the dye. Schematic illustration of the strategy for the formation of AgNPs-rGO composite and 

MB degradation mechanism will explained in scheme 1. 

 
 

 

 

 

 

scheme.1.schematic illustration of the strategy for the formation of AgNPs-rGO composite and MB degradation. 

The Maximum adsorption capacity and other parameters for adsorption were compared with some previously reported 

adsorbents that have been used for MB removal and listed in Table 4 [55-66].From this data, we conclude that the adsorption 

capacity of MB onto AgNPs-rGO composite is higher than that of other reported adsorbents. 

 

 

table. 4. comparison of adsorption of MB by various adsorbent 

Adsorbent Adsorbent 

Dosage 

(mg) 

Concentration  

Of Dye(ppm) 

Time 

(mins) 

Adsorption  

Capacity 

(mg/g) 

Isotherm Kinetics   Ref 

Graphene Oxide 330 100 5 714 Langmuir Pseudo 

Second 

order 

55 

MNP@St-g-PVS 10 500 120 621 Langmuir Pseudo 

Second 

order 

56 

MgSi/RGO 20 500 12 433 Langmuir Pseudo 

Second 

order 

57 
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CNTs-A 30 500 90 400 Freundlich Pseudo 

Second 

order 

58 

3D GO sponge 10 1.2mM 

 (5ml) 

2 397 Langmuir Pseudo 

Second 

order 

59 

GO 10 3 60 350 Langmuir Pseudo 

Second 

order 

60 

Magnetite/silica/ 

pectin NPs 

2000 100 120 178.57 Langmuir Pseudo 

Second 

order 

61 

MoS2 

nanosheets 

5 20 5  146.43 Freundlich Pseudo 

Second 

order 

62 

20%GO-Ag-CNF 25 600 10  126.6 Langmui Pseudo 

Second 

order 

63 

MWCNT 20 20 60 59.7 Freundlich Pseudo 

Second 

order 

64 

graphene/magnetite 

composite 

10 15 20 43.8 Langmuir Pseudo 

Second 

order 

65 

Activated 

Carbon/Cobalt 

Agrrite/Alginate 

Composite Beads 

70 2.67x 10-4 (mol 

kg-1) 

120 0.095 

(mol kg-1) 

Langmuir Pseudo 

Second 

order 

66 

AgNPs-rGO 5 500 30 860.4 Langmuir Pseudo 

Second 

order 

Present 

work 

 

Further, SEM images of before and after adsorption of MB by AgNPs, rGO and AgNPs -rGO as shown in Fig 11. SEM 

images of before adsorption reveals that the rGO sheets decorated uniformly by AgNPs.  

  

http://www.jetir.org/


© 2018 JETIR  December 2018, Volume 5, Issue 12                               www.jetir.org  (ISSN-2349-5162) 

 

JETIR1812884 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 526 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig.11. sem images of a) AgNPs b) rGO and c) AgNPs-rGO d) AgNPs-rGO after adsorption of MB 

After adsorption, it is clearly seen that the size and structure of synthesized materials was changed. There are some cracks and 

irregularities structure is formed on the surface due to adsorption of MB molecules in the interior portion of the materials. 

Reusability  

 As is well known, an efficient adsorbent should exhibit not only high adsorption capacity but also good stability and 

reusability in order to reduce the overall cost and also is vital for water treatment application. Thus, the regeneration performance 

of AgNPs-rGO was analyzed are shown in Fig.12. By comparing the removal efficiency of dyes on the regenerated and fresh 

adsorbent, it can be concluded that more than 90% of MB can be removed from the solution by the regenerated adsorbent even 

after five cycles.  
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More importantly, desorption of the cationic MB dye was demonstrated simply by washing with deionized water Therefore the 

AgNPs-rGO can be repeatedly used as a promising adsorbent for removal of cationic dyes from aqueous solution. 

Conclusion 

 In summary, AgNPs-rGO have been successfully synthesized through simple green method which could be used as an 

effective, non hazards and recyclable adsorbent for water treatment application. The green synthesized AgNPs-rGO reveals 

superior   performance for the fast and effective removal of MB from aqueous solution, with a maximum adsorption capacity of 

860.07mg g-1 within 30 min at natural pH and room temperature than other adsorbents reported so far. Thus, the AgNPs-rGO 

nanocomposite can be considered as a very effective adsorbent for removal of dye molecules from wastewater due to the striking 

Agatures like high adsorption capacities, separation convenience and facile preparation process from nontoxic materials. 
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